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In a previous communication we reviewed the
evidence that copper plays an essential role in the
normal keratinization process of animal skin, and
reported the finding of significantly elevated
serum copper levels in a group of psoriatics (1).
Elevation of serum copper levels may also occur
in a wide variety of endocrine, neoplastic, infec-
tious, nutritional, metabolic, and inflammatory
disturbances. The question, therefore, arose as to
whether the serum copper findings in psoriasis
merely represent a non-specific response to an
inflammatory process, or whether they might be
associated with quantitative or qualitative ab-
normalities in tissue copper. In an initial attempt
to clarify this problem, a quantitative study of
tissue copper in psoriatic skin was undertaken.
METHOD
Procedure. Tissue copper was determined by a
modification of tbe serum copper procedure of
Peterson and Bollier (2), utilizing the ash residue
of incinerated whole skin. Tissue biopsy speci-
mens were obtained by means of 4 to 6 mm stain-
less steel punches from both involved and un-
involved skin of psoriatic patients and from
apparently normal skin of cadavers 12 hours or
less post-mortem. Subcutaneous fat was trimmed
off and the remaining whole skin dried, first for 24
hours in an incubator at 37° C. and then for 48
to 96 hours in a desiccator over CaC12 to constant
weight. The weighed tissues were then gradually
incinerated in Coors crucibles in a muffle oven to
500° C. over a 4 to 6 hour period to obtain the ash
residues.
The copper content of each of the ash residues
was then determined as follows: The ash was care-
fully transferred to a Pyrex centrifuge tube, dis-
solved in 0.5 ml of 2N HCl and brought to a volume
of 1 ml with redistilled water. To this solution
was added one drop of a 0.1% alcoholic solution of
phenolphthalein indicator. Saturated tribasic
potassium phosphate was added dropwise with
stirring until the solution just turned pink (pH 80.
to 8.2). Then 2N RC1 was added dropwise (one to
three drops) until one drop just decolorized the
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solution (pH 7.5 to 7.9). Next 0.1 ml of biscyclo-
hexanoneoxalyldihydrazone (saturated solution
in 50% ethyl alcohol) was added, and the total
volume adjusted to 1.75 cc with redistilled water.
Color development was allowed to proceed for at
least five minutes, and spectrophotometric read-
ings taken at a w- re length of 600 mu within one
hour. Suitable controls of copper sulphate penta-
hydrate in concentrations of 1 to 4 mcg/ml were
run simultaneously. All readings were made with a
Beckmann DB spectrophotometer. All glassware
was thoroughly cleaned and washed in redistilled
water.
Aliquots of local anesthetics used in taking
biopsy specimens were checked to rule out any
significant copper content.
Subjects. Tissue copper levels were determined
in normal appearing skin of 19 cadavers, in un-
involved skin of 19 psoriatics, and in involved
skin of 30 psoriatics.
RESULTS
The results of the assays are shown in Table I.
The copper values for the cadaver controls
ranged from 0.3 to 29.3 with a mean value of 6.1
(average deviation = 4.7). Values for involved
psoriatic skin ranged from 0.2 to 26.4 with the
mean value at 4.1 (average deviation = 3.8). For
uninvolved psoriatic skin, values ranged from 0.1
to 35.4, with a mean value of 6.0 (average devia-
tion = 6.7).
Statistical evaluation failed to reveal any sig-
nificant differences between the values found for
the three groups. In order to rule out possible
regional influences, the values for cadaver skin
from 13 abdominal specimens were compared with
those for psoriatic skin from 12 abdominal sam-
ples. No significant difference was found, the
mean values for the two groups being 5.6 and 5.8,
respectively. Among the psoriatic patients, no
correlation was found between severity of the
psoriasis clinically and the tissue copper levels.
DISCUSSION
According to Goldblum and co-workers (3),
skin copper levels may vary considerably, the
normal range lying between 0.74 and 8.8 mcg/100
mg dry weight of tissue, a twelve-fold variation
between minimum and maximum. This wide
variation was the most striking feature noted in
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TABLE I
Subject Age Sex Race Biopsy Site
Tissue
Copper[Gamma!
100 mg
dry weight]
TABLE I—Continued
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Subject Age Sex Race Biopsy Site Copper[Gamma!
100 mg.
dry weight]
5 56 F W Elbow 4.8
6 51 M W Abdomen 1.1
7 61 F W Abdomen 6.0
8 60 M W Leg 0.6
9 65 F W Abdomen 15.6
10 53 M W Abdomen 1.6
11 53 F W Leg 2.9
12 53 M W Elbow 5.3
13 45 M W Abdomen 3.0
14 15 M W Elbow 0.8
15 58 M W Elbow 0.6
16 78 M W Abdomen 4.1
17 46 M W Abdomen 2.2
18 33 M W Abdomen 0.4
19 70 M N Elbow 12.1
20 51 F W Leg 0.6
21 60 F W Elbow 0.2
22 38 M W Back 2.5
23 29 M N Elbow 0.2
24 69 M W Leg 1.1
25 54 M W Abdomen 2.1
26 20 F W Abdomen 1.8
27 40 F W Elbow 0.8
28 26 F W Elbow 1.4
29 48 F W Leg 2.1
30 67 M Y Leg 1.8
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* Mean = 6.1, Average deviation = 4.7.
f Mean = 6.0, Average deviation = 6.7.
Mean = 4.1; Average deviation = 3.8.
our own material in each of the three groups
studied.
In terms of the normal range quoted above, 13
of 19 normal control specimens, 20 of 30 involved
psoriatic specimens, and 9 of 19 uninvolved
psoriatic samples fell within this range, with the
remainder of specimens about equally divided
between higher and lower values.
This study fails to reveal any significant dif-
ference between tissue copper levels of normal
skin and both clinically involved and uninvolved
skin of psoriatics. These results are in contrast to
those of MacCardle and coworkers (4) some 20
years ago, who reported an elevation of tissue
copper in 13 psoriatic specimens on spectro-
graphic analysis. We cannot explain these differ-
ences in results, but it appears possible that they
arise from factors inherent in the different meth-
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ods used. In the earlier study, samples of approxi-
mately equal volume were wet ashed for purposes
of are spectrography, whereas in the current
study, dry ashed samples were used in a spectro-
photometric procedure, and all data calculated
on a dry weight basis.
As mentioned above, the wide range of normal
tissue copper values found in the present series
confirms the findings of Goldblum et at. (3), and
suggests the importance of sufficiently large num-
bers of samples in any such analysis. Although
one cannot completely exclude the possibility of
subtle alterations in activity of copper-containing
enzymes in psoriatic skin without further study,
the present work suggests that the previously
noted elevation of serum copper may represent a
systemic response to an inflammatory condition,
unrelated to any gross tissue copper alteration.
SUMMARY
(1) Tissue copper levels were determined in
normal skin from 19 cadavers, in uninvolved skin
from 19 psoriatics and in involved skin from 30
psoriatics. No significant differences were found.
(2) The range of tissue copper levels was found
to be quite wide in both normal and psoriatic skin.
(3) The elevated serum copper levels found in
psoriasis appear to be unaccompanied by quanti-
tative tissue copper alterations.
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